The molecular model of PVDF is established by the calculation method of density functional theory(DFT). A process of applying an electric field of different magnitude to PVDF to cause a phase transition was simulated. The transformation of the molecular chain of PVDF molecules under the electric field strength below 0.05Ha was studied in detail. It is found that the main role in the transformation process is the transformation of the carbon skeleton. Then we calculated the dipole moment and average molecular polarizability of the PVDF molecular chain under different structures. The results showed the dipole moment increases from 7.6Debye to 9.9Debye with the structure of α PVDF to β PVDF, the mean polarizability also increased from 39.5 to 40.3.These calculations provide theoretical calculations for the study of PVDF and demonstrate the effect of electric field polarization on the production of β PVDF.
INTRODUCTION
Due to its special structure, Polyvinylidene fluoride(PVDF) has excellent piezoelectric properties. PVDF has five crystal forms, namely α, β, γ, δ, ε [1, 2] .β phase has outstanding piezoelectric properties in these structures. The α phase can be converted into a polar β phase by mechanical stretching [3] , polarization [4] , etc, and then the β PVDF applied to the desired device for application [5] . Nowadays, the most common way to convert the PVDF of the α phase structure into the β phase is the stretching method and the electrode method. Compared with the electrode method, the stretching method is simple and practical, and it is a common method for industrial production and commercial film formation. But the disadvantages such as its transformation low degree and difficulty in control, the electrode polarization method is more efficient [6] . The electrodeposition method is widely used in the laboratory stage, and the conversion efficiency can be almost 100%, but the disadvantage is high cost. And pay attention to the problem of electric field breakdown, ensure that the voltage is not too large, and prevent the film from penetrating.
II. SIMULATION METHODS
The research on PVDF is not only a lot of experiments to explore, in order to save the experiment consumption and save time, after the computer matures, the research on simulation calculation is especially prominent, and the accuracy and credibility of the calculation simulation are more and more. It has been recognized by a large number of research scholars [6, 7] . The theoretical calculation of the applied simulation predicts and theoretically proves the performance of the material, which has become an important road in the current research approach. In this paper, the molecular calculation method of density functional theory is used to simulate the electrical properties of PVDF piezoelectric film. The structure of PVDF is analyzed from the atomic point of view, which proves the particularity of PVDF structure. And prove the cause of its piezoelectricity; further deep analysis at the electron angle, research and study the essential factors of piezoelectricity. DFT(density functional theory) is the E0 and other properties of the calculation system starting from. In 1965, Kohn and Sham gave a method for constructing energy from electron density, it is Kohn-Sham equation [8] :
The first term on the right side of the equation is the kinetic energy of electrons, the second term is the attraction of electrons and electrons, and the third term is the Coulomb interaction of charges. The fourth item    XC E is exchange related energy.  is the electron density in the energy formula.
Based on the theory, after the atomic model is established, the electric field is polarized, and the atomic model after polarization is structurally analyzed and the piezoelectric constants of each structure are calculated.
In order to phase-transform PVDF by electrodeposition method, we theoretically calculate and analyze the process of electrode polarization by establishing PVDF atom model [9] . The electrical performance index under different structures is calculated. First, PVDF is an organic polymer, the C-C-C-C bond has a dihedral angle of 60°, and an atomic model of αphase PVDF of ten repeating units is established, and the COMPASS force field is applied thereto, using local density approximation (LDA, Local Density Approximation) [10] . Generalized Gradient Approximation (GGA) for structural optimization [11] .
The total potential of the COMPASS force field can be written as the sum of the energy of the bond form and the nonbond form. The bond form also includes the diagonal and nondiagonal cross-coupling form [8] . 
For non-key forms, the electrostatic interactions described by the Coulomb terms are expressed as:
The interaction described by the van der Waals term is expressed as:
The electron density gradient function satisfies the following functional equation:
The general formula of the density on which the kinetic energy is based is:
The suitable force field and optimization method are the first guarantee to ensure the correctness of the established model. Secondly, after selecting a series of parameters such as cutoff energy and cutoff distance, the model is optimized to obtain the standard model of the optimized structure. The calculation provides the basis of the model [12] . Applying different electrostatic fields to the established α-phase model, simulating the phase transformation process. As the applied electric field strength increases, the α phase begins to transform into the β phase structure. But when the electric field is too large, the bond between the models it is broken by the electric field force [13] . Electric field polarization is an important factor in the transformation of α PVDF to β PVDF. By applying electric field forces of different sizes, the molecular structure of PVDF will change accordingly. It is necessary to discuss the performance of the molecular structure morphology after the transition. In this article, the process of phase change in electric field polarization is carefully studied. And calculated the energy, structure, polarization state, etc. that occurred during the transformation process.
The models shown in Figure 1 are created separately. Established a model of two structures of PVDF, (a) and (b) are the α PVDF,(c) and (d) are the β PVDF, the light gray atoms are H atoms, the dark gray atoms are C atoms, and the light blue atoms represent F atoms. Observing the molecular model from different angles, in order to understand the accuracy of the atomic model more accurately, we have carried out detailed calculations on the information such as the bond length and corner angle of the atom. List a series of parameters of α PVDF in Table 1 .Through the comparison of these data, you can get an accurate model structure. The chain in α PVDF has a transgauche-trans-gauche' conformation (TGTG'), all chains are arranged anti-parallel. Different force fields and optimization methods will result in different parameters of the atomic structure, but this does not affect the accuracy of the model. β PVDF is established for the purpose of the later contrast transformation. First establish an accurate standard model structure, and then observe the difference between the transformed model and the standard model. The chain in β PVDF has an all-trans (planar zigzag) conformation(TTTT). Its C-F bond and C-H bond are polar, such a polar structure is the focus of many research scholars.
Theoretically, the dihedral angle between carbon and carbon in the α phase structure is 60°, and the dihedral angle between the carbon-carbon bonds in the β phase structure is 180°. Due to the interaction between atoms and the interaction between molecules, whether it is the simulated optimized model or the actual real structure, the angle is not exactly an integer. The process of the α phase structure in the transition to the β phase is the twisting of the carbon-carbon bond and the ordered arrangement of the hydrogen atom and the fluorine atom. There is a transition state δ phase during the transition from α phase structure to β phase. Based on this theoretical basis, we established the schematic diagram of the atom as shown in figure 1 . A series of basic parameters such as bond length and bond Angle were measured. Local density approximation (LDA, Local Density Approximation) and Generalized Gradient Approximation (GGA) used to optimize the structure of α-PVDF and β-PVDF. The basic parameters before and after optimization of the two structures are listed in table 1 and table 2 . In order to ensure the correctness of the established model, it is also compared with the data in the literature and experiments, and listed in the table. Apply an electric field to α-PVDF, this field strength are 0.01Ha, 0.02Ha, 0.03Ha, 0.04Ha, 0.05Ha,respectively, and then observe the molecular structure of the atoms under different electric fields. 
III. RESULTS AND DISCUSSION
The process of electric field polarization transformation of PVDF is studied in detail. Observing the transformation of molecular structure under different electric fields by applying different magnitudes of electric field to α phase PVDF. A series of structural parameters such as bond length and bond angle under different electric fields are calculated. Through calculation and comparison, in the process of electric field polarization, the bond length between atoms does not change significantly(such as C-C,C-H,C-F,etc),but the torsion angle of carbon-carbon bond has a significant change, as the electric field increases, the torsion angle also increases. The torsion angle and the magnitude of the applied electric field are plotted in Figure 2 .Through the structural change diagram, the α phase to β phase transition can also be clearly and intuitively seen.
During the process of electric field polarization, it was found that during the phase transition, the hydrogen atom and the fluorine atom were only changed in position, but the distance from the carbon atom did not change. In other words, the bond lengths of the C-H and C-F keys have not changed. A substantial role in the transformation process is the twist of the C-C bond. For the change of the torsion angle of the C-C bond, we have made further research to theoretically calculate the energy barrier change between α phase and β phase.
A. Polarization Transformation
Applying an electric field in the positive X direction to α PVDF, its polarization direction is the positive X direction. Because the α PVDF has a TGTG' conformation, so if α PVDF wants to convert to β phase, after applying the electric field in the positive direction of X, the hydrogen atoms need to rotate to the right, and the fluorine atoms all rotate to the left.
As shown in Fig.2 , as the electric field is polarized, the hydrogen atoms rotate in the direction of the electric field and the fluorine atoms rotate against the electric field. In order to observe the process of PVDF phase transition more clearly, the structure under different electric fields is also listed in the picture. It can be found that when the applied electric field strength is about 0.04H,α phase will all be converted to β phase. When 0.05Ha, it is found that the structure is still complete β phase, but the molecular structure is destroyed and the atomic bond is broken. This is because the electric field is too strong, beyond the range that the atomic bond can withstand. 
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B. Torsional and Phase Transition
For the transformation process from α PVDF to β PVDF, before we found out that C-C-C-C twisting plays a major role.In the following calculations, we calculated the relationship between the internal rotation angle and the energy barrier, and studied the internal rotation energy of the carbon bond during the transformation. The result is shown in Figure 3 . There are two distinct troughs between 0°and 180°. From the lowest energy principle, it can be concluded that these two extreme points are stable phase structures. The extreme point existing around 40° is the α phase, and the extreme point existing around 180° is the β phase structure. Calculate the energy difference between the two troughs to determine the energy change of the α phase to the β phase in 6.27 kJ/mol. The calculation result mentioned in the literature of Weijia Wang [13] is 6.24kJ/mol.The method of generalized gradient approximation adopted by Weijia Wang is the same as this paper.The energy difference between the α phase and the β phase is obtained by calculating the energy barrier size during the conversion process. It is proved that the α phase is converted into the β phase.
C. Moment of Dipole
Based on this theoretical basis, we establish different models for carbon-carbon bonds between 60°and 180° as structural models under different electric fields. The electrical properties of each model are tested to obtain the relationship between the model and the average polarizability and dipole moment under different carbon-carbon bond states. We can be seen from the results of the calculation( figure.4) ,as the structure of C-C-C-C changes, the dipole moment and the molecular polarizability of the molecule increase.The dipole moment is about 7.7Debye at α structure, with structural changes the size of the dipole moment is similar to linear growth. During the transition from the α PVDF to β PVDF structure, the dipole moment is increased by approximately 2.3Debye.Although the value does not change much, but from the perspective of the atom, the change is sufficient [16] .It is precisely because of the change of the dipole moment that the piezoelectric properties of PVDF are changed.
In addition to the calculation of the dipole, we also simulated the average molecular polarizability. As the torsion angle increases, the average molecular polarizability also increases, with a value of around 40. This is similar to the value calculated in the literature published by Weijia Wang [13] on the polymer, which can determine the accuracy of the settlement. The mean molecular polarizability also increased from 39.5 to 40.3. 
IV. CONCLUSIONS
Whether it is dipole moment or molecular polarizability, both are representations of PVDF has been Polarized. This paper theoretically calculates and studies the causes of piezoelectric properties of PVDF from a molecular perspective. We have carefully studied the transition process under different electric field strengths. If the electric field strength is higher than 0.04Ha, the molecular chain will be destroyed under strong electric field. During the transformation process, we found that the main role of PVDF phase change is that the carbon skeleton is transformed, and the hydrogen and fluorine atoms are arranged in an orderly manner. Then we calculated the dipole and polarizability of PVDF molecular chains under different structures. Microstructure determines macro performance. Our calculations provide some theoretical calculations for the study of PVDF piezoelectric properties, and some research has been done on the application of PVDF electrical properties.
